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Introduction

The halogens (F, Cl, Br and |) are common constituents of
igneous, metamorphic and sedimentary rocks (Billingsand
Williams, 1967). They areparticularly enriched indifferen-
tiated magmas, the hydrothermal fluids and volatile com-
poundsderived fromthem play animportant roleinthe mo-
bilization and transport of metals in ore-forming systems.
In the primary environment, they reside in avariety of hy-
drous minerals, including micas, amphiboles, scapolite, to-
paz and apatite. High hal ogen concentrationsare al so docu-
mented in high-salinity liquid phases or in tiny secondary-
mineral phases in fluid inclusions in igneous and hydro-
thermal minerals (Kendrick et al., 2012; Kendrick and
Burnard, 2013). In the hydrothermal environment, halo-
gens can be concentrated in alteration minerals such as
micas, claysand topaz, and the gangue mineral fluorite. On
exposureto surface conditions, these mineralsweather and
release their halogens as volatile gases (Br and |) and/or
their more stable compounds, or water soluble ions (F
and Cl) that disperse to form detectable anomalies in the
surficial environment (Trofimov and Rychkov, 2004).

In mineral exploration there are case histories that demon-
strate positive responses for all these elements and com-
poundsover zonesof concealed mineralization (Al Ajely et
al., 1985; Ridgway, 1989, 1991; Ridgway et al., 1990;
Trofimov and Rychkov, 2004). However, these methods
have seenlittle or no application to the exploration for min-
erals in the extensively overburden-covered terrains of
British Columbia (BC).

In 2005, Geoscience BC sponsored aproject entitled ‘ Hal o-
gens in surface exploration geochemistry: evaluation and
development of methods for detecting buried mineral de-
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posits' (Dunn et al., 2007). This initial study investigated
the optimal analytical procedures available at the time for
determining hal ogen concentrationsin soil and vegetation,
and provided new halogen datafrom the Mount Polley, QR
and 3Ts deposits. A recommendation from this study was
that, since a clear response of labile halogensin soils and
vegetation over known mineralization had been estab-
lished, targets concealed by overburden (both Quaternary
and volcanic) needed to be tested and anal ytical methodol -
ogy needed to be refined. Bissig et a. (2013), as part of a
wider study looking at geochemical responses of blind Cu-
Au porphyry—style mineralization beneath Chilcotin basalt
cover at the Woodjam property (near the community of
Horsefly, central BC), demonstrated that the partial-extrac-
tion techniques Bioleach and Enzyme Leach®™ produced
robust Br and | anomalies over blind mineralization at the
Three Firs prospect.

The current project expands on the 2005 study. It aimsto
further investigate responses of halogen and other volatile
compounds (not included in the 2005 study) in organic me-
dia over blind and thinly covered mineralization. Two
study sites, both on Vancouver Island, have been selected
for thisinvestigation:; Larais avolcanogenic massive-sul-
phide (VMS) target that is buried by 5-10 m of glacia till;
Mount Washington is an epithermal system with athin ve-
neer of overburden. This paper summarizes the field pro-
gram and objectives of the first of these—Lara. A second
paper inthisvolume outlinesthe approach at Mt. Washing-
ton (Heberlein and Dunn, 2017). Objectives of this study
areto broaden therange of sample mediatested and to ook
at the effectiveness of commercially available analytical
methods and new instrumentation (some not available in
2005) for detecting mineralization-related halogen and
volatile-compound responses.

Thisproject aimsto test the geochemical responses of halo-
gens and other mineralization-related compounds (e.g.,
NH4, PO, and SO,) in avariety of organic media, including
1) soil Ah horizon, 2) foliage from the most prevalent tree
species, and 3) foliage from selected understorey species.
Volatile-element distributions are to be compared with
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commodity- and pathfinder-element signatures for the
same media.

An ongoing geochemistry-research project of the Minera
Deposit Research Unit (MDRU) at The University of Brit-
ish Columbiaisinvestigating the processes and control s of
|abile-element mobility. That project aimsto develop apro-
cess-based model of trace-element dispersioninthesurface
environment above concealed massive-sulphide mineral-
ization, and provides auseful context and backdrop to this
study.

Relevance to the Exploration Community

This study is designed to provide the mineral-exploration
community with an understanding of the potential advan-
tages of determining volatile components, derived from
zonesof VM Sand epithermal Aumineralization, that accu-

mulate in surface soils and common coniferous trees and
shrubs in regions with glacial-sediment cover. It assesses
the relative capabilities of each medium for preserving the
secondary geochemical-dispersion patterns related to a
blind mineral deposit. The study assesses the value to the
exploration community of an alternative analytical ap-
proach for geochemical-sampling programsin areaswhere
conventional soil-sampling methods are found to be inef-
fective and/or where contamination from mining activities
might present a problem for the use of other geochemical-
exploration sampling media.

Study Area

Thetest siteat theLaraV M Sdeposit (Coronation zone), lo-
cated near Chemainus, isreadily accessible by agood road
network, thus minimizing the logistical costs required for
the field component of the study (Figure 1).
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Figure 1. Location of the Lara study area (grey box), east-central Vancouver Island, showing sample stations. Contains information li-

censed under the Open Government Licence — Canada.
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Location and Access

The Laradeposit (‘Lara’) liesin the VictoriaMining Divi-
sion of southern Vancouver Island, some 75 km north of
Victoria, 15 km northwest of Duncan and 25 km west-
southwest of Chemainus, which wasthe logistical base for
the field portion of the study. Access to the project areais
via the active Chemainus Main logging road to Kilo-
metre 19 and then the BR-02 Mount Brenton Forest Service
Road to Kilometre 7.5. From there, anetwork of secondary
logging roads, drilling roads and a BC Hydro right-of-way
provide access to parts of the sampling area.

Surficial Environment

Laraislocated at the boundary between the Vancouver |s-
land Ranges to the north and west, and the Nanaimo Low-
lands to the south and east (Holland, 1976), in an area of
rolling topography. The study site lies on the lower south-
ern slopes of Coronation Mountain and Mount Hall, be-
tween elevations of 610 and 770 m (Figure 2). Solly Creek
isthe main drainage separating thetwo peaks. It crossesthe
study area from north to south before turning southeast-
ward to drain into the Chemainus River.

The entire project area was logged in the 1950s. Conse-
quently, the present-day vegetation consists of mixed sec-
ond-growth forest comprising mostly western redcedar
(Thuja plicata), western hemlock (Tsuga heterophylla) and
Douglas-fir (Pseudotsuga menziesii). Other species pres-
ent include western white pine (Pinus monticola), paper
birch (Betula papyrifera) and red alder (4/nus rubra).
Understorey speciesvary considerably from placeto place.
Western sword fern (Polystichum munitum) iScommon in
moist coniferousforestsat low elevations. It growsbestina
well-drained acidic soil of rich humus. Sala (Gaultheria
shallon), aleathery-leaved shrub in the heather family, is
tolerant of both sunny and shady conditions at [ow to mod-
erate elevations. It is a common coniferous-forest under-
storey species and may dominate large areas and form
dense, nearly impenetrable thickets. Oregon-grape (Ma-
honia sp.) has holly-like leaves and prefers the more
canopied areas.

There are no published surficial-geology maps for the im-
mediate Lara area, only the area to the east where the gen-
eral ice-flow direction is indicated (Blyth and Rutter,
1993). Thedistribution of surficial materialsshownin Fig-
ure2 hasbeeninterpreted primarily fromfield observations
and aerial photographs. Regolith mapping, undertaken by
M. Bodnar for his M.Sc. thesis at MDRU, is incorporated
into this interpretation.

Figure 2 shows that the northern two-thirds of the project
areaareunderlain by aveneer or blanket of glacial till (dark
green; Figure 2). Thisis interpreted to be abasal or lodg-
ment till; it is exposed in roadcuts, stream banks, trenches
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and the large opencut adjacent to the Coronation zone un-
derground portal. Although its thickness is difficult to
estimate from present-day exposures, drilling and trench-
ing records show that it varies between <1 m and >50 m
(Kapusta, 1990; Archibald, 1999). The presence of out-
crops and bedrock-derived colluvium within the till-cov-
ered area (Figure 2, reddish brown and brown units) sug-
gest that there is a well-developed buried bedrock
topography. In general, thereisagradual thinning of thetill
deposits upslope.

Recent mapping by M. Bodnar (pers. comm., 2016) has
augmented the interpretation of the surficial geology inthe
central part of the study area. Alluvia deposits, consisting
of coarse sand, gravel and channel conglomerate (Figure 2,
pale green unit), define a paleochannel system that is now
occupied by Solly Creek. First-order tributaries show evi-
dence of erosional recession to the northwest, with back-
scarps incised into and causing reworking of the till blan-
ket. A recent landslide in the northernmost tributary on
Figure 2 has delivered large amounts of unsorted sediment
into Solly Creek. Theapparently rapid incision of thedrain-
age system has caused it to dissectitsown alluvial deposits.
Remnants of older alluvial terraces occur along the hillside
to the west of Solly Creek between elevations of 660 and
675 m (Figure 2, pale yellow unit). These deposits define
the upper edge of a 200 m wide alluvial sand and gravel
plain bordering the present-day creek and extending down
to the base of slope, where it spreads out into what appears
to be an alluvial fan (Figure 2, pale green stipple unit). A
remnant of an even older alluvial ridgeor terrace (Figure 2,
orangeunit) ispreserved asaninterfluve on thewest side of
Solly Creek.

Alluviumrelated totheactive drainagesisshown by yellow
stippled patternsin Figure 2. Solly Creek isthemain drain-
age in the study area. Its upper reaches (above 650 m) are
constrained by a steep-sided canyon that has incised
through the till and into the underlying bedrock. Upper
slopes on the east side of the canyon are covered with
colluviated till deposits (Figure 2, pale brown unit). The
steeper lower slopes adjacent to the creek are made up of
bedrock-derived colluvial veneer overlying bedrock (Fig-
ure 2, dark brown unit). Bedrock exposures (too small to be
visible at the scale of Figure 2) can be found along the east-
ern canyon wall, aswell asin the streambed itself. Similar
colluvial deposits and outcropsare present on thewest side
of the canyon, but these are capped by unmodified till and
the older aluvial gravel ridge mentioned above.

A shallow colluvial veneer over bedrock is also present in
the northwestern corner of the study area (medium brown;
Figure?2). Two separate areasare mapped, but they could be
part of alarger area of bedrock-derived colluvium extend-
ing upslope to the northwest. Downslope, the colluvium
forms a thin veneer over glacial till.
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Soil profilesdeveloped on thetillsaretypical dystric Brun-
isols. They include a surface LFH layer and an underlying
thin Ah horizon lying on top of agenerally undifferentiated
brown Bm horizon. Iron enrichment at the top of the Bm
horizon (Bf horizon) is present at some localities, particu-
larly over aluvial and colluvial deposits. The presence of a
discontinuous eluviated horizon (Agj) at some of these lo-
calities indicates incipient podzolization over better
drained aress.

Geology

The Lara study areais underlain by volcanic and volcani-
clastic sedimentary units belonging to the McLaughlin
Ridge Formation of the Sicker Group (Massey, 1992;
Krocker, 2014). The Sicker Group is known as an impor-
tant host for Kuroko-type VM S mineralization, the princi-
pal economic deposits being the H-W, Lynx, Myra and
Price depositsfrom the Buttle L ake camp (Juras, 1987), |o-
cated in the Buttle Lake uplift west of Courtenay. Laralies
inaseparate uplift, the Cowichan—Horne Lakeuplift, inthe
southern part of the island. Volcanogenic massive-sul-
phide-style mineralization is hosted by a west-northwest-
striking, northeast-dipping package of volcaniclastic sedi-
mentary rocks consisting mostly of sandstone, siltstone,
argilliteand tuffite (Krocker, 2014). Vol canicrocksarevol -
umetrically subordinate to the volcaniclastic sedimentary
rocks. They include aphyric and porphyritic (feldspar,
pyroxene and hornblende) rocks, lapilli tuff and breccia of
intermediate to mafic composition that liein theimmediate
hangingwall to the Coronationtrend (Figure 3). Felsic units
are relatively common in the Lara area. A narrow quartz-
phyric rhyolite-crystal and ash tuff package, known as the
Southern Rhyolite sequence, hosts mineralization at the
Coronation zone. The unit isintruded by a number of sill-
like gabbro bodies. A footwall rhyolite, possibly a dome
complex consisting of quartz- and feldspar-phyric rhyolite,
has also been identified by afew drillholes in the footwall
of the Coronation zone.

South of the Coronation zone, the Sicker Group isabruptly
truncated by the Fulford fault, a bedding-subparallel re-
verse fault that thrusts Sicker Group over younger Nanai-
mo Group sedimentary units.

Laramineralization occursin seven discrete zones (Krock-
er, 2014). Three of these, the Coronation zone, the Corona-
tion extension and the Hanging wall zone, which together
make up the Coronation trend, occur in the area covered by
this study. The most important of these is the Coronation
zone, which hosts massive, banded/laminated and stringer-
style polymetallic sulphide mineralization. The position of
these zones, as compiled from historical drilling results, is
shown in Figure 3 (Bodnar, pers. comm., 2016). Treasury
MetalsInc., holder of themineral claimsto thesezones, had
reported an indicated-resource estimate (for a1% Zn block
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cutoff) of approximately 1 146 700 tonnes averaging
3.01% Zn, 32.97 g/t Ag, 1.05% Cu, 0.58% Pb and 1.97 g/t
Au for the Coronation trend, with an additional 669 600
tonnes averaging 2.26% Zn, 32.99 g/t Ag, 0.90% Cu,
0.44% Pb and 1.90 g/t Au of inferred resource (Treasury
Metals Inc., 2013). The Coronation trend crosses the
southern third of the study area.

Hydrothermal alteration, present mostly in the structural
hangingwall east of the Coronation zone, consistsof strong
pervasive sericitization, defined chemically by Na deple-
tionand K enrichment. Itisassociated with elevated Znval-
ues and local silicification and disseminated pyrite.

Sampling and Analysis

The aim of the 2016 sampling program wasto collect ase-
lection of organic mediato test for halogensand other min-
eralization-related compounds (including NH,, SO, and
PO,). Considerably more samples were collected than
could be analyzed under the scope of the project. However,
sampling isquick and easy, and it was unknown which me-
dium might provide the most informative response to the
concealed mineralization. Therefore, emphasis was placed
on collecting the most common species at all sample sta-
tions so that samples not initially analyzed would be avail-
able for focusing on detailed analysis once initial baseline
data were established.

Samples of the dominant tree species (Douglas-fir, western
hemlock and western redcedar) were collected from 89 sta-
tionsarranged in a100 m spaced offset grid (Figure4). Ah
horizon soilsand samplesfor soil pH and el ectrical conduc-
tivity readings were also collected at these locations. Soil
pH and conductivity measurements were done on samples
from the top 5 mm of the B horizon. Approximately every
fifth sample was designated asamultimediasite, where ad-
ditional understorey species, including Western sword
fern, Oregon-grape and salal, were collected to provide
background information on different species. Numbersand
types of samples collected are summarized in Table 1 and
Figure4. Limitationson the availability of sasmplemediaat
some sampl e stations meant that not all mediacould be col-
lected at all of the desired sites. Thiswas especially truein
areas of ground disturbance caused by road building,
mining and drilling activities, as well as in swamps and
major drainages.

Twigs and foliage comprising the most recent 57 years of
growth were collected from each of the dominant tree spe-
cies. Each sample comprised 5-7 lengths, each of about
25 cm, snipped from around the circumference of asingle
tree. Samples of outer bark from Douglas-fir and western
hemlock were obtained by scraping the scales from around
the circumference of neighbouring trees, using ahardened-
steel paint scraper, and pouring the scales into a standard
‘Kraft’ paper soil bag (about 50 g, afairly full bag).
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Table 1. Numbers and types of samples collected
in the Lara study area, east-central Vancouver

Island.
Sample medium No. of
samples

Western hemlock foliage (WHF) 89
Douglas-fir bark (DFB) 79
Western redcedar foliage (RCF) 89
Western hemlock bark (WHB) 68
Salal foliage (SALF) 17
Western Sword fern foliage (SF) 8
Oregon-grape foliage (OGF) 8
Ah horizon soil 88
Soil pH & electrical conductivity 81

Foliagefrom the understorey speciescollected at the multi-
media sites was sampled by gripping a stem near the base
and pulling upward to strip off theleaves. L eaveswere col-
lected from two or three plantsand placed ina 13 by 9inch
Hubco New Sentry® fabric sample bag.

Vegetation and soil samples were oven dried at 80° C for
24 hours to remove all moisture. Ah horizon soil samples
weresieved to—80 mesh (177 um) in preparation for analy-
sis of the finer fraction. Foliage was separated from twigs.
All foliage and bark samples were then milled to a fine
powder. Each sample medium was split into either two or
three subsets for submission to several laboratoriesfor dif-
ferent treatments (Table 2). Thistableisawork in progress
that will be refined once experimental work has been
completed

Initially, asplit of each sample of western hemlock needles
was subjected to a warm-water leach in accord with the
method developed by G. Hall (Dunn et al., 2007):

“Soil and vegetation samples were leached by placing
a 1 g sample in 10 mL deionized water which was then
vortexed and allowed to sit for 1 hour at 30°C in an in-
cubator. Samples were then centrifuged and filtered
through a 0.45 micron filter.”

Leachates from approximately 200 vegetation samples
were analyzed by high-performance liquid chromatogra-
phy—ion chromatography (HPLC-IC) for Cl, Br, I, PO, and

SO,. The same solutions were analyzed on an AutoAnaly-
zer (an automated analyzer using continuous-flow analysis
[CFAY]), for nitrate (NO3z) and ammonium (NH,), and for
fluoride (F") using anion-selective electrode (1SE) andion
chromatography. Separate splitsof themilled western hem-
lock needles and sieved Ah soils were sent to Activation
LaboratoriesLtd. (‘ Actlabs'; Ancaster, ON) for analysisby
their proprietary Bioleach method. Actlabs states that:

“It has been proven that microbiological processes [in
the subsurface] are exceptionally important. Electro-
chemical Redox cells mobilize metals from the mineral
deposit to the surface which become adsorbed on soil
particles and create unique surficial conditions that
bacteria then feed upon. Bioleach digests bacteria and
their proteins from the collected surficial samples to
analyze for the elements related to the blind mineraliza-
tion. A 0.75 g sample is leached in a proprietary matrix
at 30°C for 1 hour, and the solutions are analyzed on a
Perkin Elmer ELAN 6000, 6100 or 9000 ICP/MS.”

Quality Control

Quality-control measures employed in the Lara study in-
clude collection of field-duplicate samplesfor each sample
type, aswell asinsertion of ‘blind’ control samples (milled
vegetation of similar matrix and known composition) for
the vegetation and Ah horizon samples. Table 3 summa-
rizes the control samples employed.

Results

The only data received by the time of writing were:

1) Ah soils and Western hemlock foliage by Bioleach;
completed and excellent precision for aimost all ele-
ments, including Br and |

2) Ah soils by aquaregia

3) preliminary numbers for NO; and NH, from the
AutoAnalyzer and F by I SE, with an updated anal ytical
report expected in the near future; moderate variability
intheand isreported, and there are unusually high con-
centrations of F~ in all eight of the sword fern samples
collected

Table 2. Summary of analytical methods used for samples from the Lara study area, east-central Vancouver Island.

Sample media’ Laboratory Digestion Analytical methods

Ah horizon — all sites ALS Minerals, North Vancouver, BC ~ Aqua regia ME-ICP41L

Ah horizon — all sites ALS Minerals, North Vancouver, BC ~ Warm water leach ME-MS14L including all halogens

Ah horizon — all sites Actlabs, Ancaster, ON Bioleach ICP-MS

WHF - all sites Actlabs, Ancaster, ON Bioleach ICP-MS

WHF - all sites BC MOE Laboratory, Victoria, BC Warm H,0 HPLC-IC for CI, Br, I, PO4 and SO,; F by ISE
WHB, RCF, SAL, SF, OGF BC MOE Laboratory, Victoria, BC Warm H,0 ICP-MS

WHF, WHB, RCF, SAL, SF, OGF BC MOE Laboratory, Victoria, BC Microwave HNO;  ICP-MS

WHB, RCF, SAL, SF, OGF ALS Minerals, North Vancouver, BC ~ Warm H,O ME-MS14L including all halogens

'See Table 1 for abbreviation definitions

Abbreviations: BC MOE, BC Ministry of Environment (Environmental Sustainability and Strategic Policy Division, Knowledge Management Branch); HPLC-IC, high-
performance liquid chromatography—ion chromatography; ISE, ion-selective electrode
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Table 3. Summary of quality-control samples used in the Lara study, east-central

Vancouver Island.

Sample medium No. of Standards Field
samples V14 LIM-2011 duplicates
Western redcedar foliage (RCF) 90 2 8
Western hemlock foliage (WHF) 89 9 8
Douglas-fir bark (DFB) 79 2 7
Western hemlock bark (WHB) 68 9 2
Salal foliage (SALF) 17 2 0
Western sword fern foliage (SF) 8 1 0
Oregon-grape foliage (OGF) 8 1 0
Ah horizon 88 8 9 8

Analytical development work will be ongoing through the
fourth quarter of 2016. Interpretation of the analytical re-
sults and preparation of the final report will be completed
following the snow-sampling program in January 2017.
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